This experiment illustrates the spatio-temporal pattern of the uctuations that spontaneously develop in a magnetized temperature lament whose transverse scale is comparable to the electron skin-depth. A high-frequency mode exhibits a striking spiral structure and is identi ed as a drift-Alfv en eigenmode. A l o w frequency mode is found to be localized near the center of the lament. It is documented that the uctuations signi cantly increase the transport of heat beyond the prediction of classical theory based on Coulomb collisions.
In neutral gases it is well known that localized increases in temperature give rise to spectacular three-dimensional structures e.g., hurricanes, tornadoes that radically alter the transport of heat and mass. In a strongly magnetized plasma the con ning pressure provided by the magnetic eld can arrest the growth of such structures and thus quiescent regions of elevated temperature can bemaintained, which is the central idea behind magnetic fusion research. However, for a given magnetic eld strength there is a limit on the magnitude of the temperature gradient b e y ond which narrow temperature laments spontaneously develop uctuations that induce a transition away from classical transport 1,2 i.e., transport due to Coulomb collisions. The goal of this experimental study is to identify the spatio-temporal properties of the uctuations exhibited by a controlled temperature lament which exceeds such a limit and thus results in transport rates above those predicted by classical theory. This topic is of broad interest because temperature laments can arise in a wide class of plasma environments, e.g., solar corona 3 , auroral ionosphere 4 , auxiliary-heated con nement devices 5 and reconnection 6 which are the focus of intensive research at this time.
The experimental arrangement is identical to that used previously 7 to observe the heat transport exhibited by an expanding temperature plume. Under quiescent conditions heat was observed to be conducted at the classical rates, along as well as across the con ning resents an increase while the blue color is a decrease relative to the average value. This gure is obtained by taking an average over twenty, highly-reproducible plasma pulses at a repetition rate of 1 Hz at every spatial location with a grid resolution of 1.5 mm interpolated to 0.75 mm, thus indicating that the spontaneously generated structure undergoes phase-locking that remains coherent over a signi cant time interval greater than 100 ion gyroperiods. It is evident from Fig. 2 that theñ signal has an azimuthal mode numberl= 1 and displays a spiral structure that can give rise to radial transport. Simultaneously with the uctuations in density there appear uctuations in the magnetic eldB in the direction transverse to the con ning eld i.e., shear polarization. TheB uctuations B= B 10 ,4 are measured with small 2 mm dB=dt loops that permit the determination of the local magnetic eld vector in two dimensions across the lament, as shown in the bottom panel of Fig. 2 . It is found that the magnetic structure is like a rotating dipole with a peak eld at the center of the lament; physically it is generated by two microscopic axial currents, embedded within the temperature lament whose transverse scale is on the order of the electron skin-depth, as indicated in Fig. 2 , which rotate around the center of the lament.
The sense of rotation ofñ andB corresponds to the direction of the electron diamagnetic drift associated with the transverse gradient in T e . In order to obtain simultaneous ion saturation current and B-eld data a probe larger than a single Langmuir probe was used.
Some of the detailed variations in the spiral structure shown in Fig. 2 such as the di erence in the shape of the two spiral arms is due to probe shadowing when this larger probe and probe shaft intersects the temperature lament. These e ects are not present when a single small Langmuir probe is used. For completeness, it should be mentioned that a phase-locked spiral l=2 has been previously observed 8 in an argon plasma column generated by electron cyclotron waves, and a persistent spiral-arm structure has been formed 9 in a rotating plasma embedded in a stationary gas.
To quantitatively identify the nature of the high-frequency uctuations we compare the measured radial structure of the density and magnetic uctuations with a theoretical calculation of unstable drift-Alfv en eigenmodes. The theory describes the electron behavior kinetically and includes the important e ect of velocity-dependent pitch-angle scattering 10,11 Lorentz model. The ion response is taken to be that of a cold, magnetized uid in the experiment T i 0:5 ,1 eV. The open symbols in Fig. 3 are the experimental measurements while the solid lines correspond to the theoretical predictions. The dashed line is an analytical t to the measured temperature pro le which facilitates the eigenmode calculation. It is found that the predicted radial structure of the most unstable drift-Alfv en mode is in excellent agrement with the observations. However, the predicted frequency is 26 kHz while the experimentally observed value is 38 kHz. This discrepency suggests the possibility that a Doppler-shift due to a static electric eld in the radial direction may be contributing to the observed value in the stationary probe frame. Of course, there may be additional e ects not included in the theory which may not alter the radial structure but give a small change in the real part of the eigenvalue.
To better ellucidate the nature of the low-frequency uctuations that appear to be highly localized in Fig. 1 the data is acquired with a grid spacing of 0.75 mm so that the spatial resolution of the Langmuir probe is not a limiting factor. Figure 4 displays the radial dependence of the electron temperature solid line along a radial cut across the lament, and the amplitude of the low-frequency uctuations dotted line. In contrast to the highfrequency mode in Fig. 3 , the low-frequency structure peaks at the center of the lament and is identi ed as a l = 0 mode. It is consistently observed that the high-frequency modes develop earlier in time than the low-frequency uctuations, as seen in Fig. 1 , although the two processes can become blurred at high heating rates. While it is reasonable to expect that the low-frequency mode is ion-acoustic, we h a v e axial-correlation measurements which indicate that temperature maxima are transported along eld lines much faster than the ion acoustic speed. Furthermore, the width and shape of the distribution of the uctuations in 
